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(71) I, Seoubtary of State for In- 
dustry, Londcni, do h^eby declare the in- 
vention, for which I pray that a patent may 
be granted to me, and Ifae method by which 
it is to be p^ormed, to be particulsudy des- 
cribed in and by the following statement: — 

This invention rektes to surfaces having 
reduced reflectance to electromagnetic radia- 
tion, that is to say surfaces having a r^ect- 
anoe definitely and purposefully less tiban the 
reflectance of normal and conventional types 
of surfaces made of the same material, at 
least for a predetermined band of electro- 
magnetic radiation, as a residt of the initial 
manner of forming the surface or of a sub- 
sequent treatment of an existing surface. 

The passage of radiation from one 
medium to another is accompanied by the 
reflection of a portion of the incident radia- 
tion at the interface between media. If 
radiation is to be utilised, as in most optical 
equipment, such reflection constitutes an 
energy loss and a reduction in die eflBdency 
of eventual utilisation of the radiation. This 
loss is most commonly of importance in 
optical instruments of all kinds in relation 
to the passage of light between air and a 
transparent solid medium such as glass or 
a plastics substance. 

It has be^ usual to reduce the reflection 
at an mterface between sudi media by de- 
positing on the surface of the solid medium 
a very thtin transparoit coating of one or 
more substances, commonly metallic halides, 
havmg a rdEractive index intermediate be- 
tween that of air and the solid. The pro- 
cess often called bloommg when applied to 
optical elements, tends to be eicpensive, re- 
quiring very careful control and inspection 
of coating thickness and uniformity. 

The present invention provides an alter- 
native method of providing reduced reflect- 
ance at an interfoce v/bidx may be made 
effective over a diosen part of a wider range 
of wavelengths than has commonly been 
possible hitherto and with out very strin- 
gent requirements for control and inspection. 



According to the invention, there is pro- 
vided a method of redudng the re&ct- 
^ce of a surface to electromagnetc radia- 
tion in a predetermined wavdeogtii band, 
comprising forming a regular array of pro- 
tuberances having a height which is not less 
than one third of the length of the longest 
wavelength in the band and at a spacing 
which is less than the length of the shortest 
wavelengtii of die band divided by the re- 
fractive index of the material of which the 
protuberances consist 

In particular, an optical light transmitting 
element for example, a lens, in or for an 
optical mstrument, is provided with a sur- 
face havmg a reduced reflectance to electro- 
niagnetic radiation in the visible waveband 
with a regular array of protuberances as 
dimensioned above. 

Optionafly a metiiod of providing the de- 
sired surface comprises applying to a base 
surface a layer of photosensitive material 
exposing that material to a regular pattern 
of electromagnetic radiation to M^ch it is 
sensitive and developing the photosensitive 
material whereby tiie topography of the sur- 
face of the developed material is related to 
the pattern of li^t, so tiiat reflection of 
visible radiation by tiie surface is reduced. 

The method may further comprise, after 
exposure to Ihe regular pattran of light and 
developing the photosensitive material, ex- 
posing tiie layer of developed material and 
the surface under it to a process of erosion 
whereby the topography of the surface is 
related to the pattern of B^t 

The process of erosion may, for example, 
be an etching process or a proc^ of ion 
beam erosion. 

The regular pattern of light may comprise 
a set of straigjit line interference fringes on 
the layer of photosensitive material; or 
optionally may comprise two sets of straight 
line inteiierence fringes arranged at an angle 
preferably in the range of about 20° to 
about 90° to each otiier on tiie layer of 
photosensitive material; any set of fringes 
desirably being produced by the intersection 
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of two coherent beams of radiation derived 
from a laser. 

According to one optional feature the 
photosensiti.ve material is arranged when de- 
5 veloped to swdL to form an array of pro- 
tuberances, while according to an alternative 
feature the photosensitive material is photo- 
resist parts of which are dissolved away in 
the photographic process of development to 

10 leave an array of protuberances. 

The invention extends to any article the 
reflectance of any surface of which has been 
reduced according to any method aforesaid. 
Optionally flie refractive index of the ma- 

15 terial of the protuberances is equal to the 
refractive index of the material of such sur- 
face. According to another optional feature 
the surface may be advantageously applied 
to an absorbing element which is opaque to 

20 radiation in the predetermined waveband, or 
altematively the article may be an optical 
leas as previously mentioned- Accordijag to 
a further optional feature the surface and 
anay of protuberances may be coated with a 

25 thin film of metal, desirably gold, whereby 
the reflectance of the surface to visible wave- 
lengths is reduced relative to the reflectance 
to mfra-red wavelengths. 
Coatings of other metals, for example, 

30 aluminium, may be applied by vacuum de- 

Sosition. Metal surfaces having reduced re- 
ectance may of course be produced by apy 
desired manner in accordance with the in- 
vention. 

35 The invention will now be descnbed by 
way of example only with reference to tfie 
drawmgs filed with the provisional speci- 
fication in which: — 
Figures la and lb illustrate a section 

40 throu^ a surface before and after develop- 
ment; 

Figure 2 illustrates in perspective a sur- 
face to which the metihiod of the invaition 
has been applied; 
45 Figure 3 illustrates the computed depen- 
dence of reflectance on wavdength and on 
the height of the protuberances; and 

Figure 4 illustrates a surface after ap- 
plication thereto of ion beam erosion; and 
50 with reference to the drawing filed herewifli 
in which: , 

Figure 5 illustrates diagrammatically an 
alternative Idnd of surface after develop- 
ment. 

55 In Figure la, positive photoresist is ap- 
plied by any of the usual techniques to form 
an evaa layer 10 of thickness t on the sur- 
face 12 of a glass substrate 14. Two colli- 
mated beams of light 16, 18 derived from a 

60 krypton laser (not shown) of wavelength 351 
nm are directed onto the layer 10 where 
straight Ime interference fring^ are formed 
with maxima at positions indicated by re- 
ferences 20. 21. 22 and 23. The included 

65 angle between the beams 16, 18 is 120^ so 



that the positions 20 to 23 are each about 
210 nm apart. The photoresist is developed 
by the normal technique and as shown in 
Figure lb material 24 around points 20 to 
23 is dissolved awav leaving the surface of 70 
the photoresist with a substantially sinu- 
soidal profile i.e. a corrugated or ridged 
surface with depth d. 

Optionally before development, the sub- 
strate 14 and layer 10 are rotateid through 75 
90° so that the straight line interference 
fringes are formed on the layer at right 
angjes to their position durmg the first ex- 
posure, and the second exposure is of equal 
length to the first, then after development 80 
two sets of corrugations or ridges will occur 
in the layer 10 and the remaining photo- 
r^ist will form a regular array of protuber- 
ances 26 as shown in Figure 2. 

In Figure 3 the typical percentage reflect- 85 
ance is ploUed against the height d of the 
protuberances 26 divided by wavelength A. 
It can be seen that when d«X the inter- 
face at surface 12 appears to be relatively 
sharp, and the reflectance is essentially that 90 
of a discondnaous boundary Le. verv high. 
As d/A increases the reflectance falls to a 
Tn ininnim at d/A-^ 0.4 then shows a series 
of maxima and minima, die maxima being 
considerably less than the reflectance of a 95 
sharp interface. 

For optimum performance at visible wave- 
lengths, d is preferably 250 nm or more. The 
spacing between protuberances must be suSSr 
ciently small to avoid losses by diffraction, 100 
i.e. less than the shortest wavelength divided 
by the refractive index of the material of 
which the protuberances consist Le. the de- 
veloped photoresist, that is about 200 to 250 
nm. ^ 105 

Figure 4 shows a surface after application 
of the method of the invention followed by 
ion beam erosion. The beam erodes the 
photoresist and reaches the surface of the 
substrate which is also eroded to form cor- 110 
rugations 28 between remaining areas 30 of 
photoresist. The corrugations in the sub- 
strate may be deeper than the correspondmg 
corrugations in the photoresist before ex- 
posure to the ion beam. Use of such a 115 
metibod may provide a surface having a 
regular array of protuberances which will 
withstand hsuxl^ wear than a layer of photo- 
resist alone. 

The protuberances have been described as 120 
being substanttially in the form of trun- 
cated cones as shown m Fig> 4; but they may 
be in the form of ridges 48 as shown in Fig. 
5. In die latter case the ridges have ibe 
same heigjit d and spacing as Indicated 125 
above tor a required wavelength range, but 
the method of making requires only a single 
exposmre to a system of straight line inter- 
ference frhiges to produce the required topo- 
graphy of surface. 130 
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WHAT I C3LAIM IS:— 

1. A method of reducing the reflect- 
ance of a surface to electrotoagnetc radia- 
tion in a predetermined wavelengtiti band, 
comprismg forming a regular array of pro- 
tuberances having a height which is not less 
than one third of the length of the longest 
wavelength in the band and at a spacing 
which is less than the length of the shortest 
wavelength of the band divided by the re- 
fractive index of the material of which the 
protuberances consist 

2. A method according to claim I, 
wherein said radiation is visible radiation 
and said surface is die surface of an optical 
component said method comprises applying 
to the surface a layer of photosensitive ma- 
teria], exposing that material to a r^ular 
pattern of light and developing the photo- 

20 sensitive material, whereby the topography 
of (he sur&ce of the developed material is 
related to the pattern of K^t 

3. A method according to claim 1 for 
reducing the reflection of visible radiation 
by the surface of an optical component 
which comprises applymg to the surface a 
layer of photosensitive material, exposing 
that material to a regular pattOTi of light, 
developing the photosensitive material and 
exposing the layer of developed material 
and the surface under it to a process of 
erosion whereby the topography of the sur- 
face is related to the pattern or light 

4. A method according to claim 3 in 
which the process of erosion is an etching 
process. 

5. A method according to claim 3 in 
which the process of erosion is a process of 
ion beam erosion. 

6. A method according to any one of 
claims 2 to 5 in whidi the regular pattern of 
U^t comprises a set of straight line inter- 
ference fringes on the layer of photosensitive 
material. 

7. A method accordiag to any one of 
clauns 2 to 5 in which the regular pattern of 
h^t comprises two sets of strajglit line inter- 
ference fnnges arranged at an angle, in the 
range of about 20^ to about 90° to each 
other on the layer of photosensitive material. 

8. A method according to claim 6 or 
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claim 7 in wliich any set of interference 
fringes is produced by the intersection of 
two coherent beams of radiation derived 
from a laser. 55 

9. A method accordmg to any one of 
claims 2 to 8 in which the photosensitive 
material is a photographic emulsion which 
when developed swdls to form an array of 
protuberances. 60 

10. A method according to any one of 
claims 2 to 8 in which the photosensitive 
material is photoresist, parts of which are 
dissolved away in the photographic process 

of development to leave an array of pro- 65 
tuberances. 

11. An article having a surface widi a 
reduced reflectance produced in accordance 
with the method of claim 1. 

12. An article according to claim 11 in 70 
wliich the regular array of protuberances has 
been produced on the surface by a method 
according to any one of claims 2 to 10. 

13. An article according to claim 11 or 

12 in which the refractive index of the ma- 75 
terial of the protuberances is equal to the 
refractive index of the material of the sur- 
face. 

14. An article according to any one of 
claims 11 to 13 in which the surface is 80 
opaque to radiation in flie predetermined 
wavelength band. 

15. An article according to any one of 
clainis 11 to 13 whidbi is an optical lens. 

16. An article according to any one of 85 
clauns 11 to 15 in which the surface and 
array of protuberances are coated with a 
thin fihn of metal whereby the reflectance of 

the surface to visible wavelengths is reduced 
relative to the reflectance to infra-red wave- 90 
lengths. 

17. An article according to claim 16 in 
which the metal is gold. 

18. A method of producing a surface 
having a reduced reflectance to electro- 95 
magnetic radiation in a predetermined wave- 
length band substantially as hereinbefore de- 
scribed. 

J. V. GOODFELLOW, 

Chartered Patent Agent 
Agent for the Applicant 
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